T he formation of highly ordered aggregates of intra-or extracellular proteins underlies a wide range of neurodegenerative conditions including prion, Parkinson's, Huntington's, and Alzheimer's (AD) diseases. Hence, molecular probes that specifically target protein aggregates and allow in vitro or in vivo imaging of these pathological hallmarks, are of great importance. Small hydrophobic probes that cross the bloodbrain barrier (BBB) can be monitored in vivo with positron emission tomography (PET), single-photon emission computerized tomography (SPECT), or multiphoton microscopy (1-7). The latter is especially applicable in transgenic mouse models where mechanistic insights regarding the pathological events involved in the formation of protein deposits can be obtained. Additionally, molecular imaging probes may also help in early diagnosis of neurodegenerative diseases and in monitoring the effect of therapeutic interventions. However, a major drawback of these conventional probes is that only a subset of aggregates that roughly corresponds to histologically identifiable amyloid deposits can be identified, whereas several diverse types of protein aggregates, such as pre-fibrillar species and morphologically distinct fibrillar deposits, are involved in neurodegenerative diseases (8, 9) . In this regard, we have previously introduced luminescent conjugated polythiophenes (LCPs) as a novel class of conformationsensitive optical probes for selective staining of protein aggregates (10) (11) (12) (13) (14) (15) (16) . LCPs contain a flexible thiophene *Corresponding author, petni@ifm.liu.se. backbone, and upon binding to protein aggregates the conformational freedom of the backbone is restricted, leading to specific conformation-dependent emission spectra from the LCP. This intrinsic property was recently employed to distinguish prion strains and for discrimination of heterogeneous A␤ plaques (13, 14) . Although LCPs have been proven useful for resolving morphologically distinct fibrillar deposits, these molecules have limitations for being utilized as in vivo amyloid imaging agents and have never been shown to detect pre-fibrillar species. Hence, a novel thiophene-based molecular scaffold that can fulfill these criteria would be advantageous (17, 18) .
Herein we report a novel class of smaller hydrophobic LCPs based on a pentameric thiophene scaffold, abbreviated LCOs (luminescent conjugated oligothiophenes). Under physiological conditions, LCOs showed a striking specificity for protein aggregates associated with prion diseases and AD. Two LCOs also crossed the BBB rather efficiently, and multiphoton imaging of cerebral amyloid plaques through a cranial window in sedated ␤-amyloid precursor protein (APP) transgenic mice was demonstrated. One of the LCOs revealed staining of pre-fibrillar non-thioflavinophilic A␤-assemblies during in vitro fibrillation of A␤ peptides and was also shown to exhibit conformation-dependent spectral properties, as observed by distinct spectral signatures from the LCO bound to diverse pathological entities in human AD brain cryosections and to protein aggregates associated with distinct prion strains.
RESULTS AND DISCUSSION
Synthesis and Optical Characterization of Luminescent Conjugated Oligothiophenes. Our previously reported LCPs (10-15) have rather high molecular weights (1,500-11,000 Da), carry several ionic side chain substitutions on the thiophene backbone, and hence do not fulfill the requirements for crossing the BBB. To remedy this shortcoming, we designed a novel class of smaller chemically defined molecules based on a pentameric thiophene scaffold, abbreviated LCOs. One LCO, p-FTAA ( Figure 1, panel a) , was designed on the basis of the anionic LCPs, PTAA and tPTAA, and synthesized using a previously reported trimeric building block (15) (Scheme 1). To achieve molecules with diverse lipophilicity, we synthesized two additional LCOs, the methylated analogue p-FTAM ( Figure 1, panel a) and the decarboxylated analogue p-HTAA ( Figure 1, panel a) .
All of the LCOs are negatively charged under physiological conditions, and the molecular weights of the three compounds range between 530-650 Da. The LCOs showed absorption and emission maxima the ranges of 380-400 and 515-540 nm, respectively (Supplementary Figure 1 and Supplementary Table 1) . Hence, all three LCOs showed a Stokes shift of approximately 130 nm. The spectral variation between the dyes is a consequence of the chemical modifications of the substituents attached to the pentameric scaffold. p-FTAA showed a quantum efficiency (QE) around 20% and a two-photon absorption (TPA) cross-section of 20-40 GM in the wavelength range 775-850 nm ( Supplementary  Figures 2 and 3) . Here, fluorescein in 0.1 M NaOH was used as a reference using the QE ϭ 90% and with a TPA cross-section of 10-37 GM in the same wavelength range (19, 20) .
LCO Binding of Protein Aggregates in Tissue Samples from Transgenic Mouse Models. To verify selective amyloid binding of the LCOs, we stained formalin-fixed brain sections from transgenic mice with AD pathology. The staining was performed with the LCOs diluted in phosphate buffered saline (PBS), and the pentameric LCOs were found to selectively stain protein deposits under these conditions ( Figure 1, panel b) . The deposits were easily identified by a bright greenish emission from the LCOs. For p-FTAA, two distinct emission peaks at 520 and 545 nm were observed, whereas the corresponding emission peaks of p-FTAM and p-HTAA were slightly shifted toward shorter wavelengths ( Figure 1, panel b) . Additional less distinct shoulders in the range 570-630 nm were also observed for all three LCOs. The enhanced fluorescence and the well-resolved spectral substructures most likely arise from vibrational sublevels of the excited state, associated with a conformationally restricted thiophene backbone (21, 22) . Similar spectral substructures have been observed for rather defined LCPs synthesized from a trimeric precursor, whereas the substructures are less defined in polydispersed LCPs (10) (11) (12) (13) (14) (15) . Furthermore, none of the previously reported LCPs have been found to selectively stain amyloid deposits under physiological conditions, such as PBS (12) (13) (14) . The enhanced selectivity and specificity for protein aggregates observed for p-FTAA are most likely associated with an increased exposure of the hydrophobic thiophene rings, as the LCO have less ionic side chain substitution than LCPs. Increased amyloid specificity for dyes with a more exposed thio-phene backbone was also recently observed in a study comparing different LCPs with the same ionic side chain functionalization but with different amounts of side chains (15) .
LCOs for in Vivo Labeling of Protein Aggregates in Transgenic Mouse Models. As the pentameric LCO probes showed selectivity for protein deposits in PBS, we next explored their ability for being used as in vivo imaging agents of protein aggregates in aged APP/PS1 transgenic mice with extensive A␤ deposits (23) . p-FTAA and p-HTAA were dissolved in aqueous PBS (5 mg mL Ϫ1 ), whereas p-FTAM was dissolved in DMSO (50 mg mL
Ϫ1
) and subsequently diluted in PBS to a final concentration of 5 mg mL
. As references, we used the previously reported anionic LCPs, PTAA and tPTAA (12, 15) (5 mg mL Ϫ1 in PBS). The mice were injected in the tail vein with 10 mg kg Ϫ1 of the respective LCO or LCP, and the mice were sacrificed 30 min after inoculation. In contrast to what was predicted by the chemical design of the LCOs, the most hydrophobic derivative, p-FTAM, was less efficient in crossing the BBB, whereas the fairly negatively charged p-FTAA and p-HTAA readily crossed the BBB after the intravenous injection and specifically labeled cerebral plaques ( Figure 1 , panel c). This is notable as other studies have shown that development of lipophilic uncharged derivatives was required to get other conventional amyloid ligands across the BBB (2) (3) (4) . It is tempting to draw the conclusion that the two acetic acid substituted thiophene moieties, which are common for p-FTAA and p-HTAA but lacking for p-FTAM due to the esterfication of the carboxyl group, might be necessary for active transport of these LCOs over the BBB. However, it has been shown that amphipathic structures may facilitate transport across the BBB (24, 25) . A more extended structure-activity relationship analysis involving LCOs with diverse side chain functionalization and detail studies of the pharmacokinetic behavior of LCOs are needed to clarify this matter. Spectral analysis of the LCO-labeled deposits was also performed ex vivo on unfixed cryosections. Similar to the observation on LCOstained A␤ deposits in tissue sections, two wellresolved emission peaks at 520 and 545 nm were observed for p-FTAA, and the emission peaks of p-HTAA were slightly shifted toward shorter wavelengths (Supplementary Figure 4) . As predicted, no labeling of plaques was observed in cryosections from PTAA or tPTAA injected mice. The use of p-FTAA and p-HTAA for direct in vivo imaging using multiphoton microscopy was also verified with additional experiments with a cranial window installed overlying the parietal cortex of the mice (26) (27) (28) . Both p-HTAA and p-FTAA specifically labeled A␤ deposits in the living brain, and the in vivo labeling kinetics were similar for these LCOs (Supplementary Figure 4) . A more detailed time-lapse study for p-HTAA is shown in Supplementary Figure S4 , images e and revealed p-HTAA within minutes in the cerebral blood vessels with subsequent diffusion into the brain parenchyma. As early as 6 min following the injection, cerebral plaques were clearly labeled by p-HTAA, verifying that this LCO crossed the BBB rather efficiently. After longer incubation periods, the background labeling (unbound compound in the brain parenchyma) was reduced and labeling was specific and limited to the cerebral plaques (Supplementary Figure 4 and Supplementary Movie). One week after injection, the mice were re-examined SCHEME 1. 
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and intense p-FTAA and p-HTAA fluorescence from the cerebral plaques were readily detectable (Supplementary Figure 4) . Hence, the LCO staining was shown to be rather persistent, and as the unique emission profile allows specific identification of individual LCOs, the administration of distinct LCOs at different time points might offer the possibility to determine an indirect age of a protein deposit or for following the kinetics of aggregate formation. This will be especially useful for monitoring the results of experimental anti-aggregation AD therapies.
Previously reported LCPs have been shown to generate specific emission profiles from protein aggregates associated with distinct prion strains and from heterogenic populations of A␤ plaques (13, 14) . Excitingly, we found that p-FTAA was able to distinguish protein aggregates associated with distinct mouse-adapted prion strains ( Figure 1, panel d) . Due to the increased specificity of LCOs for protein aggregates under physiological conditions, p-FTAA could be administered by intracerebral injection into sedated mice, allowing staining under conditions where the protein aggregates have a native structure. Ex vivo analysis of the prion deposits showed that p-FTAA bound to prion deposits in mice infected with mouse adapted chronic wasting disease (mCWD) emitted green light with an emission maximum around 525 nm, whereas light with a more red-shifted hue ( max ϭ 550 nm) was observed from the pathological entities in mice infected with mouse adapted sheep scrapie (mSS) (Figure 1, panel d) . In contrast to the measurements on A␤ deposits, the spectral emission from p-FTAA bound to prion deposits showed broad features with no resolved vibrational substructure, indicating that p-FTAA binds in a different fashion to these prion deposits than to A␤ aggregates (Figure 1) . p-FTAA Profiling of Protein Aggregates during Fibrillation of Recombinant A␤. As p-FTAA was shown to have conformation-sensitive properties and the potential for being used as an in vivo amyloid imaging agent, we next investigated the photophysical properties of p-FTAA bound to amyloid fibrils made from recombinant A␤ 1-42 peptide. p-FTAA bound selectively to recombinant A␤ fibrils and displayed similar wellresolved emission profiles as observed for tissue stained A␤ deposits, whereas no significant spectral changes in the spectra were observed upon mixing the pentameric thiophene derivative with freshly dissolved native A␤ 1-42 peptide (Supplementary Figure 5) .
Hence, the backbone of p-FTAA is conformationally restricted as a result of selective interactions with the amyloid fibrils, leading to a distinct target-dependent fluorescence signal. Moreover, the fluorescence decay time was increased by approximately 50% from 560 to 810 ps when bound to A␤ 1-42 fibrils ( Supplementary  Figures 6 and 7 .) The conformational restriction of p-FTAA upon binding to the amyloid fibrils was even more prominent when examining the excitation spectrum (Supplementary Figure 5) . The dye free in solution or mixed with freshly dissolved A␤ 1-42 peptide displayed excitation spectra with a maximum around 400 nm, whereas the spectrum for the dye bound to amyloid fibrils was considerably shifted toward longer wavelengths and displayed spectral substructures. The large red shift of more than 50 nm implies that the LCO conformation upon binding to the amyloid fibril was more extended compared to the free LCO resulting in a larger transition dipole moment along the conjugated molecular framework. The apparent Stokes shift for the LCO bound to fibrils was decreased compared to the shift for LCO in solution, indicative of a restricted flexibility to relax the molecular structure upon photoexcitation. A variety of studies suggest that amyloid specific dyes bind in a thin hydrophobic groove along the long axis of the amyloid fibril and recently a similar mechanism of binding was suggested for the anionic LCP, PTAA (29, 30) . p-FTAA is presumably intercalating with the amyloid fibrils through a similar mechanism and the constraints of the fibril-binding pocket are inducing unique excitation and emission pathways for the LCO.
Next we compared ThT and p-FTAA fluorescence as a readout for the formation of aggregated A␤ species during the amyloid fibrillation process. The peptides A␤ 1-40 and A␤ 1-42 were incubated under close to physiological conditions (pH 7.5, 37°C) with repetitive cycles of agitation and with a substoichiometric amount of dye present (10 M peptide, 0.3 M dye). As shown in Figure 2 , panel a, the fibrillation kinetics of A␤ 1-42 showed a conventional behavior, including a lag phase that was followed by a rapid exponential growth phase and a plateau phase, for both ThT and p-FTAA. As expected the rate of fibrillation of A␤ 1-40 as monitored by ThT fluorescence was slower than for A␤ 1-42; however, an earlier growth phase was observed for A␤ 1-40 when the fibrillation event was monitored by p-FTAA fluorescence (Figure 2, panel a) . Hence, p-FTAA bound to non-thioflavinophilic pre-fibrillar species of A␤ 1-40. This phenomenon has not been seen for any of the previously reported LCPs utilized for following amyloid fibrillation in vitro (10, 11, 15) . To explore the identity of the p-FTAA positive aggregates, the p-FTAA emission profile was correlated with transmission electron microscopy (TEM). For A␤ 1-40, the spectrum of p-FTAA was already altered after 120 min of incubation, seen as an increased emission and characteristic well-resolved vibronic structures, and TEM analysis revealed a homogeneous population of small spherical aggregates of A␤ ( Figure 2, panel b, left) . At the end of the earlier lag phase observed with p-FTAA, a mixture of small spherical aggregates and fibrils were presented in the sample, whereas at 600 min when both ThT and p-FTAA emission showed a plateau phase, only mature fibrils were observed by TEM (Figure 2, panel b) . Hence, p-FTAA interacts with non-thioflavinophilic spherical aggregates of A␤ 1-40 that can be visualized by TEM. On the other hand, the TEM analysis of A␤ 1-42 at analogous time points, i.e., in the beginning (100 min) and the middle of the growth phase (200 min) or during the plateau phase (600 min), showed a mixture of small spherical aggregates and fibrils (100 min) or mature fibrils (200 and 600 min) (Figure 2, panel c) . Thus, a homogeneous population of small spherical aggregates was not observed at any distinct time point, suggesting that the conversion of the small spherical aggregates to fibrils occurred more rapidly for A␤ 1-42 than for A␤ 1-40. This conclusion is congruent with the emission profile from both ThT and p-FTAA, as the fibrillation kinetics of A␤ 1-42 were similar using both dyes (Figure 2, panel a) .
To rule out the possibility that p-FTAA accelerated the fibrillation kinetics of A␤ 1-40, amyloid fibrillation without the presence of any dye was analyzed with p-FTAA and ThT at different time points. Pre-fibrillar nonthioflavinophilic A␤ aggregates were still observable with p-FTAA fluorescence using this experimental setup, verifying that p-FTAA did not accelerate the fibrillation rate at the concentration used (Supplementary Figure 8) . Additionally the analyzed samples were centrifuged at 16,000g for 30 min, and the p-FTAA emission was similar before and after centrifugation in the sample containing the pre-fibrillar aggregates, indicating that these A␤ species are soluble. In contrast, ThT and p-FTAA positive samples assayed at a later time point (near the plateau phase) showed a substantial decreased emission after centrifugation (Supplementary Figure 8) . Overall, the above findings underline the new tantalizing possibilities for using p-FTAA as a probe for studying in vitro fibrillation of different A␤ peptides as well as other amyloidogenic proteins.
p-FTAA Profiling of Protein Aggregates in Human AD Brain Tissue. The high selectivity of p-FTAA for protein aggregates was further demonstrated by performing histochemical staining of cryosections from human cases with AD pathology. Since recent studies have shown that lightly fixed cryosections are the preferable choice to achieve optimal spectral resolution and improved binding of LCPs, the sections were briefly fixed in ethanol for 10 min (13, 14) . After staining in PBS, extensive p-FTAA staining was only observed in the same areas of the samples that were positive for 6E10 (monoclonal antibody for A␤) and AT8 (monoclonal antibody for hyperphosphorylated tau, position 202 and 205, neurofibrillary tangles (NFTs)) immunohistochemistry, whereas areas without AD pathology were negative for p-FTAA staining (Supplementary Figure 9) . A␤ deposits, NFTs, and other pathological structures associated with AD, such as dystrophic neurites, were readily identified by a strong fluorescence from p-FTAA and the LCO staining showed complete co-localization with both 6E10 and AT8 ( Figure 3, panels a,b) . The imaging time of p-FTAA stained aggregates was reduced (100-fold) compared to immunofluorescence, and less photobleaching was also observed from the LCO labeled deposits. The LCOs were also tried on formalin-fixed sections from human cases with AD pathology. All LCO staining revealed selective and specific staining of both cortical plaques and cerebrovascular amyloid (Supplementary Figure 10) . However, presumably because of the harsh fixation of the tissue, the staining of intracellular protein aggregates, such as NFTs, were almost completely abolished in these sections.
As p-FTAA was shown to bind small spherical aggregated species of A␤ in vitro, we subsequently correlated the p-FTAA staining in the human AD brain tissue with a conventional oligomer specific A␤ antibody, A11 (31, 32) . In contrast to the staining with 6E10, which showed complete co-localization, the p-FTAA-stained A␤ deposits showed only partial co-localization with A11 staining (Figure 3, panel c) . In apparent contradiction to what has been reported previously (32) , this colocalization was seen at certain nodes inside the deposits and not as a halo surrounding the amyloid plaque. However, in the earlier study (32) an oligomeric/amyloid fibril-specific antibody, NAB61, was used (33) . In addi- tion, several different forms and sizes of oligomeric species of A␤, which reacts with specific antibodies, have been reported (31) (32) (33) (34) (35) . Some of these studies (31, 35) have also suggested that distinct oligomeric species are found at locations separated from the plaques. Hence, it is an ongoing debate regarding the localization and the molecular composition of the presumably toxic oligomeric A␤ species seen in AD. Taken together our data shows that p-FTAA, under the conditions used herein (mild fixation for preserving the structure of the aggregates), stains all the aggregated A␤ species that are observed by conventional commercially available immunofluorescence reagents (6E10 and A11), and notably, p-FTAA seems to provide 2 magnitudes better signal-tonoise ratio than conventional immunofluorescence. Thus, p-FTAA can be utilized as a small-molecular dye for studying various A␤ aggregates, and such a dye will be highly significant for mapping heterogeneous aggregated species of A␤ in combination with existing antibodies.
When performing spectral analysis of the human brain tissue samples, we found that protein aggregates associated with distinct pathological entities observed in AD displayed distinct p-FTAA spectra. p-FTAA bound to A␤ deposits emitted green light with two similar emission peaks ( max ϭ 520 and 545 nm), whereas light with a more red-shifted hue ( max ϭ 558 nm) was observed from the pathological entities associated with aggregated tau protein, such as NFTs and dystrophic neurites (Figure 4 ). This phenomenon was not observed for any of the other LCOs or the polymeric counterpart, PTAA (Supplementary Figure 11) . Hence, the positioning of the anionic carboxylic groups and the amount of net charge on the thiophene backbone seems to be important factors for obtaining optimal spectral discrimination of protein aggregates of diverse origin. Removing the charge from the acetic acid substitutions at position 3 on thiophene rings 2 and 4 (p-FTAM) or removing the formic acid groups at position 2 on thiophene rings 1 and 5 (p-HTAA) from the pentameric thiophene scaffold will abolish the spectral phenomenon seen for p-FTAA bound to A␤ and tau aggregates. Similarly, addition of more negative groups and extension of the thiophene backbone (PTAA) will also abolish the spectral distinction of these aggregates. Overall, the maintenance of the unique conformational-dependent optical properties for p-FTAA opens up the possibility for a wide range of appealing experiments. As shown in Figure 4 , highresolution fluorescence images collected with a SpectraCube module using a long pass filter for excitation ( Figure 4 , panels a, b, and d) or a combination of two long pass filters (Figure 4 , panel e) both provide sufficient structural details and allow distinct spectral separation of these pathological hallmarks seen in AD. A␤ aggregates are clearly visible in green, whereas other entities, corresponding to dystrophic neurites and NFTs, exhibit yellow-red fluorescence. Thus, the distinctive spectral signatures from p-FTAA bound to A␤ aggregates or tau deposits can be used to study the interplay between these entities in more detail. Distinguishing protein deposits of diverse origin are of great interest and LCOs may be utilized to resolve and clarify the importance of amyloid cross-seeding as a disease mechanism. The latter is of great importance as a diversity of amyloidogenic proteins have shown to form fibrillar aggregates through a nucleation-dependent aggregation process that can be initiated or seeded by a pathogenic mechanism resembling prions (36) (37) (38) (39) .
In conclusion, we have presented a novel molecular scaffold, the LCOs, which can be utilized for specific labeling of protein aggregates. The ability to cross the BBB combined with the unique spectral properties of the LCOs, especially p-FTAA, makes them unique compared to other small amyloid ligands. Furthermore, p-FTAA was found to detect pre-fibrillar non-thioflavinophilic A␤-assemblies. Clearly, the practical application of the pentameric thiophenes in diagnostics and in truly noninvasive monitoring of the brain surface require the synthesis of modified LCO analogues for PET, SPECT, or magnetic resonance (MR) imaging. Nonetheless, these luminescent oligothiophene derivatives show a remarkable specificity for a plethora of protein aggregates and provide unique optical properties suitable for achieving real-time mechanistic insight into the protein aggregation process and the molecular pathology of protein aggregation disorders. We foresee that these probes will offer practical research tools for studying protein aggregation diseases and facilitate the study of amyloid origin and pathogenesis in vitro and in animal models.
METHODS

Synthesis of LCOs.
The detailed synthesis of p-FTAA, p-FTAM, and p-FTAA is shown in the Supporting Information and in Scheme 1. Briefly, all of the LCOs were synthesized by iodination of a trimeric thiophene precursor (1) (15) . The iodinated trimer (2) was further converted to pentamers by addition of 2-thiopheneboronic acid or 5-(dihydroxyboryl)-2-thiophenecarboxylic through Suzuki coupling (3, p-FTAM (5)). The methyl group was removed by NaOH to achieve p-HTAA (4) and p-FTAA (6). p-HTAA and p-FTAA were converted to their corresponding sodium salts by being dissolved in H 2 O and equimolar amounts of sodium hydroxide, relative to the number of carboxylic acids.
In Vivo Imaging of A␤ Deposits in the Brain of Transgenic APP/PS1 Mice. Transgenic APP/PS1 mice were aged for 10 -11 months. Two days before imaging, a round cranial window (5 mm length) was created under isoflurane anesthesia as described (28) . After surgery, mice were treated with Temgesic (0.05 mg kg Ϫ1 intraperitonally daily; Essex Pharma GmbH, Munich) for 3 consecutive days. Before imaging, mice were anesthetized with isoflurane (induction with 5% and then reduced to 1%). Mice were then attached to a custom-build head fixation device, and the window was cleaned with ethanol immediately before imaging. Mice were injected intravenously with 10 mg kg Ϫ1 of the respective LCO (5 mg mL Ϫ1 in PBS). Imaging was performed with a 40x water immersion lens (0.8 numerical aperture, U-V-I 0/D; Leica Microsystems, Bensheim, Germany). Multiphoton excitation at 910 nm was generated by a Spectra Physics (San Jose, CA) Mai-Tai laser (tunable 770 -990 nm), and for detection two non-descanned detectors (R6357 P.M.T.; Hamamatsu, Bridgewater, NJ) were used at close proximity to the objective lens. Visualization of the LCO fluorescence was performed via a FITC/tetramethylrhodamine isothiocyanate filter (reflection short pass, 560; bandpass, 525/50; bandpass, 610/ 75). Two different xyz stacks were recorded per mouse. Positions were chosen to contain a large blood vessel and several amyloid plaques.
Kinetic Measurement of Recombinant A␤ Peptide Fibrillation. In vitro amyloid fibrils were prepared by solubilization of recombinant A␤ 1-42 or A␤ 1-40 (rPeptide, lyophilized from hexafluoreo iso-propanol) (10 M) in 10 mM Na-phosphate pH 7.5. After addition of the respective dye, p-FTAA (1.5 mM in deoinized water) or ThT (2 mM in deionized water), to a final concentraion of 0.3 M, the samples were incubated at 37°C with repetitive cycles of agitation (8 min agitation, 12 min stagnant sample read) in a Tecan Saphire 2 plate reader. Spectra were collected between 470 -700 nm with excitation at 450 nm.
Co-staining with LCO and Antibody on Human Brain Cryosections with AD Pathology. Immunohistochemical staining was carried out on frozen brain sections from AD patients. The sections were fixed in acetone for 10 min and then allowed to dry. Oligomers, amyloid deposits, or phosphorylated tau were immunolabeled with A11 polyclonal antibody (1:200, Chemicon International, Temecula, CA), 6E10 monoclonal antibody (1:100, Covance, Princeton, NJ), or AT8 monoclonal antibody (1:100, Innogenetics, Gent, Belgium), respectively. The primary antibodies were diluted in PBS and incubated with the sections for 1 h at RT. After washing with PBS, the 6E10 and AT8 antibodies were detected by incubation in Alexa Fluor 594-conjugated goat antimouse IgG (1:400, Molecular Probes, Eugene, OR), and the A11 antibody was detected by incubation with Red-X-AffiniPure donkey anti-mouse IgG (1:250, Jackson ImmunoResearch Europe Ltd., U.K.) for 30 min at RT. Thereafter, the sections were washed in PBS and incubated with p-FTAA (1.5 mM in deionized water), diluted 1:500 in PBS, for 30 min at RT. After rinsing with PBS, the sections were mounted with Dako mounting solution for fluorescence (Dako, Glostrup, Danmark). The fluorescence from the tissue samples was recorded with an epifluorescence microscope (Zeiss Axiovert A200 Mot inverted microscope) equipped with a SpectraCube (optical head) module, through a 470/40 nm bandpass filter (LP515) and a 546/12 nm bandpass filter (LP590). The presentation of images was achieved with the standard software (SpectraView).
LCO Staining of Human Brain Cryosections with AD Pathology. Cryosections were fixed in absolute ethanol for 10 min and rehydrated in water followed by PBS. Stock solutions of the pentameric LCPs (1.5 mM) were diluted to a final concentration of 30 M in PBS and added to the brain sections, which were then incubated for 30 min at RT and washed with PBS. The sections were mounted with Dakocytocrom fluorescent mounting medium (Dako, Denmark). The fluorescence from the tissue samples was recorded as described above. Spectra were recorded with an LSM 510 META (Carl Zeiss, Jena, Germany) confocal laser scanning microscope through Plan-Neofluar 40 L/ 0.75 objectives with an excitation at 458 nm. The selection of spectral regions and spectral processing were achieved with the standard software (LSM Image browser).
